Introduction ! In many instances, benign bone tumors (BBT) and tumor like-lesions (TLL) of the bone can be diagnosed solely through conventional X-rays and require no biopsies for clarification [1 -3]. These entities are categorized according to WHO classification [4] . Among benign bone tumors, osteochondroma are the most common followed by chondroma, while solitary bone cysts are the most common tumor-like lesions ( • " Table 1 ) [2, 5] .
Nevertheless, making a diagnosis can pose a challenge for orthopedists, trauma surgeons, radiologists and last, but not least, pathologists [6, 7] . For example, an aneurysmatic bone cyst must be differentiated not only from a solitary bone cyst, but also in particular from telangiectatic osteosarcoma [5, 8] . Because of possible malignant transformation, many tumors require structured preventative care [9] . If nothing else, this necessitates establishing a sound diagnosis through imaging and clinical findings and, if necessary, histological examination.
BBT and TLL treated at a center were retrospectively examined in the present study. In addition to the absolute number of definitive versus "descriptive diagnoses" being determined, diagnoses were compared to one another grouped as diagnosis upon referral (ED), radiologist's diagnosis (RD), interdisciplinary tumor center diagnosis (IDT) and, if present, histological diagnosis. The goal of the study was to identify difficult-to-assess lesions and examine the prevalence of advanced diagnostics to yield a diagnosis (imaging and/or biopsy) as well as the number of interdisciplinary diagnosed cases (IDT) compared to ED and RD.
Material and methods

!
The records of 272 patients with BBT and 141 patients with TLL treated at a center over a four-year period were retrospectively evaluated. As the basis of this study, diagnoses of BBT and TLL, respectively, were established interdisciplinarily through clinical-radiological examination and/or histological analysis, wherein ED and RD could also include malignant, degenerative or infectious processes. Lesions were classified according to WHO radiological and histological criteria [4]. • " Table 2 provides an overview of typical clinical and radiological criteria. If there were multiple outpatient visits, the initial visit was recorded. If further tests were run, the subsequent visit was included in the evaluation with only a single record being kept overall. It was examined which diagnostics (conventional X-rays, CT, MRI) were used during the initial visit to the center and for which entities further imaging or biopsy was performed to establish diagnosis. Furthermore, the ED, RD, IDT including "descriptive diagnosis" and, if present, histological diagnoses were compared to one another. The radiological report for the RD was issued by another examiner than the report issued for the IDT. The present analysis is thus based on the interobserver variability of radiologists operating independently of one another. A "descriptive diagnosis" was defined as "unspecific radiomorphological description of a bone lesion" without an actual diagnosis being established. Given the rising number of definitive diagnoses (ED < RD < IDT), the IDT superseded the RD and the RD the ED value-free in this process. If a histological analysis was present, it defined the diagnosis (gold standard). Evaluation was performed separately for BBT and TLL with as well as without histological study. Purely "descriptive diagnoses" were classified in the evaluation as "discrepant", so that the results contain cases with the following criteria: 1. At least one of the diagnoses (ED, RD, IDT) is descriptive. 2. A different evaluation ("discrepant diagnoses") was made in the ED, RD, IDT and/or histology. 3. The diagnosis was established purely through histology.
Results
!
Below, the results are described separately for BBT and TLL, and a detailed evaluation can be found in the indicated tables. The entities specified in the text are abbreviated as follows (in alphabetical order): ABC: aneurysmal bone cyst, (17 ×) , SBC (7 ×), FD (5 ×) and IG (5 ×). In 13 cases, the biopsy was taken as routine procedure during surgery and not for actually establishing diagnosis. In total, ED including "descriptive diagnosis" did not correspond to histology in 41 of 51 cases (80 %), while the same was true of RD and IDT in 37 of 51 cases (73 %) and 25 of 51 cases (49 %), respectively. In this context the following entities were diagnosed purely through histology: IG (2 ×) and
ABC, FD and EG in 1 case each ( • " Table 5, 6).
Discussion
!
Benign bone tumors and tumor-like lesions can be difficult to diagnose. However, establishing a diagnosis is imperative for creating a sound treatment concept and/or being able to confirm the harmlessness of the lesion [1, 10]. In everyday medical practice, benign lesions have a higher incidence than malignant bone tumors, the latter being seen statistically 1 to 2 times in an orthopedist's or trauma surgeon's career [7] . Many lesions are detected incidentally [11] . At an aggressive stage, they can trigger complaints [12, 13] , the two most common symptoms being pain and palpable swelling [1, 10] . The characteristic pains for BBT and TLL are summarized in • " Table 2 .
According to clinical and radiological experience, the better part of bone lesions can be diagnosed solely based on conventional X-rays and symptoms [1, 8, 14] . The interdisciplinary review is helpful, sensible and usually necessary in 
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By evaluating the number of "definitive" versus "descriptive diagnoses" taking into account the ED, RD and IDT, the present study examined which lesions posed diagnostic challenges, which were subjected to further imaging diagnostics and/or a biopsy and which were soundly diagnosed through interdisciplinary assessment. Of 272 benign bone tumors, 155 were diagnosed through ED, 211 through RD and 267 through IDT. The number of diagnosed and not purely descriptive entities thus increased between ED and RD and between RD and IDT, with further imaging being performed in 77 of 272 cases (28 %) to establish a diagnosis (IDT), this occurring most frequently in cases of EC and NOF, in cases of OC for surgical planning (expansion of the cartilage cap) and not for confirming the diagnosis. Among the entities morphologically evaluated through imaging, 55 % of the diagnoses were identical and 45 % were discrepant, with the ED and RD matching the IDT 1 % and 58 % of the time, respectively, in discrepant cases. For 21 % of BBT a histological diagnosis was present. Collectively, 36 % were identical and 64 % discrepant, with ED, RD and IDT corresponding to the histological diagnosis in 40 %, 60 % and 76 % of cases, respectively. However, a biopsy was taken for actual confirmation of diagnosis in only 33 of 272 cases (12 %), this likewise being performed here most frequently for EC and NOF (side note: For reasons of practicality, the NOF as an actual ossification disturbance was categorized as a bone tumor). In all other cases, biopsies were taken as a routine part of surgery. The heterogeneity of the differential diagnoses for the entities discrepantly diagnosed through imaging as well as through imaging and biopsy, as shown in the tables and the results section, leads to the conclusion that there is no systematic confusion of diagnoses, but rather that a lesion by nature cannot always be diagnosed with certainty.
• " Fig. 1 shows an example of a histologically confirmed NOF that was biopsied due to conventional X-rays and CT showing cortical destruction. In the study by Blaz et al. the variable stage-dependent radiologically visible morphology was discussed as a possible cause of the difficulties in diagnosing NOF [16] .
• " Fig. 2 shows a histologically confirmed enchondroma. A Brodie abscess was suspected based on non-contrast radiological images and MRI showing a lesion demarcated by marginal sclerosis with T1-weighted hypointense interior signal and peripheral contrast medium uptake. Thus an enchondroma missing the typical "popcorn-like" calcification of the matrix can be misinterpreted as a cystic lesion [2, 17, 18] .
In the authors' view, different reasons for the "descriptive" and discrepant diagnoses must be discussed: 1. Only lesions of unclear morphology when imaged are referred to a center. 2. The radiologists are not provided with the necessary clinical data including symptoms, which are frequently the key to correctly interpreting the findings. [19] . 3. For imaging diagnostics, pure cross-sectional imaging (MRI/CT) was available, i. e. not the non-contrast conventional X-rays often critical for diagnosis. 4. A larger number of treated patients and the option of interdisciplinary exchange of knowledge at a center can explain the higher proportion of definitive diagnoses. 5. Searching the ICD codes for a specific entity is more time-consuming than using the descriptive diagnosis "bone tumor". Of the 141 tumor-like bone lesions 53 were diagnosed in the ED, 80 in the RD and 136 in the IDT. The percentage of definitive diagnoses is thus comparable with the percentages for "benign bone tumors". The percentage of discrepant diagnoses is higher (73 % versus 49 %), as is the percentage of undiagnosed and misdiagnosed entities when compared against histology. As with BBT, it must also be discussed for TLL to what extent only lesions of unclear morphology upon imaging were ul- timately referred to a center, which would be causal for the aforementioned discrepancies. It can be further concluded from the results in addition to the reasons specified for the benign bone tumors that a differential diagnostic classification of cystic lesions fundamentally cannot be simple, wherein with the exception of ganglion in the sense of a degenerative lesion, TLLs such as SBC, ABC and FD pose the greatest difficulties in the larger picture.
• " Fig. 3 shows a centrally located SBC demarcated by marginal sclerosis, which comes across on MRI in T1-weighted images as hypointense and in T2-weighted images as hyperintense with focally hypointense areas with regressive change.
• " Fig. 4 shows an ABC. If the eccentric location and the blowout phenomena are not clearly visible as characteristic signs, the lesion can be confused with an SBC or FD [18, 20, 21] . Conversely, however, the diagnosis of cystic lesions can be narrowed down through evaluating non-contrast conventional X-rays (topography, periosteum, multiplicity, base substance, growth rate according to Lodwick [22] ) and factoring in age and clinical findings [22] , with cross-sectional imaging providing important additional information for definitive diagnosis particularly in the case of these lesions.
Limitations of the study ! It is possible that only patients with unclear bone lesions and/or complaints were referred to a center to clarify whether surgery was indicated (selection bias). Differing incidences of the entities having an influence on the results would also have to be discussed. In addition, the radiologists were furnished in many cases with no or only marginal information on clinical findings/symptoms necessary for as-sessment, thereby compromising evaluation and resulting in "descriptive diagnoses". Because an entity was determined at the center on the basis of imaging in many cases, histological validation was not performed. Nevertheless, a sound interdisciplinary diagnosis was yielded for further decisions on therapy, which satisfied the goal set by the medical office and the hospital of not biopsying and thereby "over-diagnosing" each lesion.
Clinical relevance
Benign bone tumors and tumor-like lesions can pose a challenge as the present study has shown through the prevalence of "descriptive diagnoses". Diagnostic challenges can appear in the case of tumor-like lesions especially for SBC, ABC and FD and in the case of benign bone tumors particularly for EC and NOF. Imaging with MRI/CT in addition to non-contrast conventional X-rays can be necessary for establishing a diagnosis. Cross-sectional imaging can supplement the non-contrast conventional X-rays normally constituting basic diagnostics. Interdisciplinary discussion of these findings factoring in medical history, clinical findings, radiology and any pathology facilitates a sound diagnosis, which allows decisions to be rendered concerning the necessity of followup examinations, a biopsy or clarifying the "non-need for treatment" of the lesion and reduces the risk of over-diagnosis or unnecessary surgical therapy. 
